Amino acids were proved experimentally to induce feeding behavior in fishes1-3), and electro physiological evidences show that the amino acids are received not only by the taste buds4-8) but also by the olfactory epithelia7, [9] [10] [11] [12] [13] [14] . Furthermore, the chemoreception in pit organs, one type of the lateral line system, has been reported in some aquatic animals15-21). The pit organs of fishes are known to be sensitive to salt and acid solutions and considered to be an ion detector, but the sensi tivity to amino acids has scarcely been investigated. In the present study, the effects of amino acids on the pit organ system of the carp were studied electrophysiologically and its function was discussed.
Material and Methods
Adult carp, Cyprinus carpio, body length 20-25 cm, were used as the experimental material. Ex perimental procedure was almost equal to that described in the previous paper21). The fish was immobilized by the intramuscular injection of Flaxedil (gallamine triethiodide 2mg/kg body weight) and fixed on a lead plate. After removing the eye ball, nerve branches innervating the snout and lip region were freed from the connective tissue and cut off at the proximal part in the orbit. One of the branches, ramus buccalis, innervating pit organs on the snout region was hooked on a pair of Ag-AgCl electrodes and the nerve activity was recorded as a whole nerve recording. For the single unit recording, the branch was dissected into a single fiber and its impulse discharges were photographed.
In the whole nerve recording, the maximum height of the summated response was measured and expressed as a relative value to that of the response to 0.0005N HCl. In the single unit recording, numbers of impulse during 5 sec were counted before and after the stimulation and the difference between the two counts was used to express the effect of the stimulation.
We used 17 amino acids and taurine, betaine, acetic acid and HCl as stimuli dissolved or diluted in the distilled water, The temperature of the test solution and rinsing deionized water was adapted to the room temperature to avoid the effect of temperature change. Amino acid solutions used were prepared just before the experiment. Since L-glutamic acid and L-aspartic acid which showed marked stimulating effects belong to the group of acidic amino acids, H+ in the solutions may be regarded as the stimulating factor. To examine the effect of pH on the response, the data in Fig. 1 were replotted in Fig. 3 as a function of pH values of the test solutions.
Results

Whole Nerve Responses
In this figure, we can find no big difference among the stimulating effects of the four chemicals of the same pH values, although under the same molar concentrations HCl was most stimulative, acetic acid least, and the two amino acids intermediate (Fig. 1) . This suggests that the stimulative effect of the acidic amino acids is largely due to the pH of the solution. In The application of the basic amino acids induced negative deflection of the summated response (Fig. 6 ). These inhibitory responses, which last during the stimulation, return to their original level of the spontaneous discharge by rinsing with deionized water. 
Single Fiber Responses
Responses to amino acids were also recorded and analyzed in twenty-seven fibers. In these analyses, 0.01M L-aspartic acid and L-glutamic acid, and 0.1M L-glutamine, L-cysteine, L-serine, L-methio nine, glycine and L-arginine were used as stimuli. HCl of 0.0005N was also used as a standard stim ulus. Fig. 7 indicates the responses to these chemicals.
In the responses to 0.0005N HCl (A), 0.01M L-glutamic acid (B) and L-asparatic acid (C) which have marked stimulating effects, an initial burst increase of impulse discharges (phasic component) was observed within first 500 msec after the stimulation and followed by sustained discharges (tonic component).
In other neutral amino acids, however, the impulse discharges increased rather gradually and maintained a con stant level during the stimulation. Application of deionized water (H) elicited no detectable change of the impulse discharges.
Although responses to L-methionine and L-serine were slight (F and G) , the increase of discharges can be detected when compared with the responses to the deionized water. The response tendency of each single fiber resemble that of the one recorded in the whole nerve preparation when traced as a function of time course of discharges.
Response profiles of the 27 single units to the amino acids and HCl are illustrated in Fig. 8 in which the fibers are arranged in the order of responsiveness to 0.0005N HCl. The order of stimulating effect in single fibers was similar to that obtained in the whole nerve recordings. All the fibers responded to the chemicals tested and their response profiles were similar to each other (Fig. 8) . Thus no fiber showed specifi city in response to any amino acid although the sensitivity differed from amino acid to amino acid. L-Arginine which belongs to the basic amino acid and elicits an inhibitory response in the whole nerve recording was also observed to show inhi bitory effect on single fibers. To examine the similarity of the stimulating effect among the chemicals, we calculated correlation coefficients and obtained high positive correlation among all the chemicals tested (Table 1 ) (r=0.817-0.985) and we concluded that the similarity is statistically significant (p<0.01, t test). 
Discussion
Acidic amino acids, such as L-Asp and L-Glu, were found to have a marked stimulating effect on the carp pit organs, which was comparable to the effect of HCl and acetic acid (Fig. 1) . Furthermore, when the responses were plotted as a func tion of the pH value no difference could be found among the stimulating effects of the two acidic amino acids, HCl and acetic acid (Fig. 3) . These results lead us to assume that the H+ concentration is largely responsible for the reaction.
YOSHII and YAMASHITA23) obtained similar results from the responses of the goby snout region where pit organs are distributed and mentioned that the H+ of acidic amino acids played an important role in the stimu lation though anions or undissociated molecules could not be neglected. On the other hand, the acidic amino acids are reported to be weak or doubtful stimulants on the gustatory6-8 and ol factory organs of fish. It seems that receptive mechanism of gustatory and olfactory organs are not affected by the presence of H+ alone, that is, the role of anion and other factors may be important.
According to BEIDLER23), the response of the rat chorda tympani to acidic stimulation did not solely depend upon the H+ concentration. We may conclude that the dependence of the H+ concentration is much higher in the pit organs than in the gustatory and olfactory organs. In the gustatory and olfactory responses of fisheS7,9-11), many studies have proved that the number of car bon atoms, uncharged side chains and the position of amino group relate to the responses. More over, presence of specific receptors to some amino acids is supposed in the gustatory organ of the eel8) and other marine fishes24). Compared with the organs of gustation and olfaction, the pit organ is assumed to be simpler or more primitive. This idea is supported by the single fiber experiments, i. e., the response profiles of the 27 single units to various amino acids are similar each other (Fig. 8 ) and the correlation coefficients among the responses are very high (Table 1) . These findings support the view mentioned in the previous paper21) that the pit organ of the fish acts as an ion de tector and lacks the capacity to differentiate the chemicals.
The difference between the two curves of Fig. 4 now pit organ, i. e., excitatory to acidic amino acids and inhibitory to basic amino acids. The inhibito ry response of the carp pit organ was also observed when stimulated by warming21). We observed that the stimulation with 0.1M L-arginine (pH 11.0) elicited inhibitory response which changed into excitatory when the pH value was adjusted to 7.0, at which most of the arginine molecules are protonated. We may assume that the protonated arginine is responsible for the excitation.
Summarizing the above, the chemoreceptive function of the carp pit organ is simpler or more primitive than that of the gustatory and olfactory organ. The pit organ is considered to be an ion detector and may be used for the habitat selection. The low threshold (about 10-6M) of acidic amino acids is largely attributed to the presence of H+ in the solution.
Relatively high threshold of the neutral amino acids suggests that the pit organ has little relationship to the feeding behavior of the fish.
